Infant auditory event-related potentials (AERP) show a series of marked changes during the first 2 year of life. These AERP changes indicate important advances in early development. The current 3 study examined AERP differences between 2-and 4-month-old infants. An auditory oddball 4 paradigm was delivered to infants with a frequent repetitive tone and three rare auditory events. 5
19). 2
The data obtained from infants who fell asleep during the experiment (40 2-month-olds 3 and 9 4-month-olds) were excluded from the analysis because previous results suggested that the 4 infants' state of alertness affects the AERP responses (e.g. Friederici, Friedrich, & Weber, 2002; 5 Otte, et al., 2013) and we did not have sufficient number of sleeping 4-month olds to assess the 6 state of alertness effects. In addition, from the 2-month-old group, nine infants were excluded 7 because of too few (< 40) acceptable EEG epochs (due to excessive movements/artefacts), two 8 because of excessive crying, and another four due to technical problems. From the 4-month-old 9 group, four infants were excluded because of too few acceptable EEG epochs, three due to 10 excessive crying, and one because the infant had been born prematurely. There were no 11 significant differences among the excluded and included infants in gestational age or birth 12 weight. All infants were healthy and had passed an otoacoustic emission-based screening test for 13 hearing impairments, performed by a nurse from the infant health care clinic between the 4 th and 14 the 7 th day after birth. 15 16 
Stimuli and procedure 17
The infants were presented with an auditory oddball sequence composed of four types of 18 sound events: A complex tone of 500 Hz base frequency presented with .7 probability 19 followingan ISI (offset-to-onset interval) of 300 ms (the "standard" tone); the same tone 20 following an ISI of 100 ms (.1 probability; the "ISI-deviant"); a white noise segment (.1 21 probability; 300 ms ISI); and various environmental sounds (.1 probability; 300 ms ISI; "novel 22 sounds"). Standard and ISI-deviant tones were constructed from the 3 lowest partials, with theintensity of the second and third partials set 6 and 12 dB lower, respectively, than that of the base 1 harmonic. The novel sounds were 150 unique environmental sounds (e.g., door slamming, dog 2 barking, etc.) and they were presented only once during the experiment to maintain their novelty 3 throughout. The short ISI was chosen because larger MMR amplitudes were reported with faster 4 rather than slower presentation rates for 2-month and 4-month-old infants (He, Hotson, & 5 Trainor, 2009). The common stimulus duration was 200 ms including 10 ms rise and 10 ms fall 6 times, resulting in an onset-to-onset interval of 500 ms preceding the standard tones, white noise 7 and novel sounds, and 300 ms preceding the ISI-deviant tones; the common intensity was 75 dB 8 (SPL). Sequences consisted of 1500 stimuli presented in a pseudorandom order with the 9 restriction that novel/white noise stimuli were always preceded by two or more standard tones or 10 a combination of a standard tone and an ISI-deviant. Further, consecutive ISI-deviants were 11 always separated from each other by at least two standards or by a standard tone combined with 12 either a white noise or a novel sound. The sequences were divided into 5 blocks of 300 stimuli, 13 each, which were presented to the infants in a counterbalanced order. The duration of each 14 stimulus block was approximately 2.5 minutes resulting in a total of 12.5 minutes for the whole 15 recording. 16 The experiment took place in a dimly lit and sound-attenuated room at the Infants with less than 40 trials for any of the four stimulus categories were rejected from further 1 analysis (see the Participants section above). Next, ERPs for each infant were averaged 2 separately for the four different stimulus types and baseline-corrected to the average voltage in 3 the 100 ms pre-stimulus period. 4
The time windows for peak detection were selected on the basis of visual inspection of 5 the group-average ERPs from the electrodes F3, Fz, F4, C3, Cz, C4, P3, Pz, and P4, separately 6 for the standard and the three oddball stimuli. The following time windows were used for peak 7 latency measurements in individual infants: for the standard (see Figure 1 ), a time window of 8 180-250 ms was set for the positive peak corresponding to P2; for the ISI-deviant (see Figure 2 ) 9 a time window of 175-275 ms was set for the negative and another of 350-500 ms for the 10 positive peak corresponding to the N250 and P350, respectively; for the white noise sound (see 11 In addition, for illustration purposes, topographical maps were created for the 3 components showing significant ERP scalp distribution differences between 2-and 4-month-olds 4 for the white noise and novel sounds. From the 64 electrodes, P9, P10, O1, Oz, O2, and Iz had to 5 be excluded, because almost all infants showed a large number of artefacts on these electrodes 6 (this was probably caused by the round shape of the EEG cap not matching well with the infants" 7 typical shape at the back of the head). When necessary, the signals recorded from the included 8 electrodes were interpolated by spherical spline interpolation (order = 4, degree = 10, and 9 lambda = 1E-05; Perrin et al., 1989) . 10
Statistical analysis 11
For comparing the two age groups on peak latency and amplitude measures at the nine 12 electrode sites, mixed model repeated-measures ANOVAs with "Anterior vs. Posterior" (frontal, 13 central, parietal) x "Laterality" (left, medial, right) as within-subjects factors, and "Age-Group" (2 14 months and 4 months) as a between-subject factor were carried out for each stimulus type 15 (standard, ISI-deviant, noise, and novel sound) and component. All analyses were controlled for 16 gestational age at birth (GA) and birth weight (BW) of the infants by including these variables 17 into the analysis as covariates. These covariates were included because previous studies, 18 especially those of prematurely born infants, showed effects of gestational age at birth and birth 19 with "electrodes" (all nine electrodes) as a within-subject factor, separately for each age group 7 and peak. 8
All statistical analyses were performed using SPSS 19.0 for Windows. Greenhouse-9
Geisser correction was applied where appropriate (ε correction factors reported). All significant 10 (α = .05) results involving the age-group factor are reported, together with the partial η 2 effect 11 size values. 12 13 Table 1 shows the group-mean peak latencies and mean amplitudes measured from 60-ms 15 long windows centered at the mean peak latency (μV) averaged over all nine electrodes for all 16 stimuli, separately for the 2-and 4-month-olds. 17 18
Results 14

Standard tone 19
The standard tone elicited a fronto-centrally distributed P2 in both age groups (Figure 1 Figure 2 shows that in both age groups, ISI-deviants elicited a fronto-centrally distributed 8 negative-going wave (N250) followed by a similarly distributed positive-going wave (P350). 9
Age had a significant effect on the peak latency of the P350, with a shorter peak latency for the 10 
White noise 20
White noise sounds elicited a waveform with the following peaks: the P2 dissociated into 21 P150 and P350 separated by the emerging N250 ( Figure 3A) . Figure 3A shows that in the 4-22 month-olds, the presence of an N250 component is more apparent than in the 2-month-olds. Thusthe N250 appears to become prominent between 2 and 4 month of age. This interpretation is 1 supported by the finding of a significant interaction between "Age Group" and "Laterality" for the 2 
Novel sounds 2
Novel sounds elicited a slow positive-going waveform (the P3a; Figure 4A) sounds has shifted towards frontal areas in 4-compared to 2-month-olds (see Figure 4B) . 8
Discussion 9
The current study showed AERP differences between typically developing 2-and 4-10 months-olds for a repetitive complex tone and three rare sound events. We found that by 4 month 11 of age morphological differences appeared between the responses elicited by white noise and 12
novel sounds compared to the responses obtained at 2 months. This result supports the 13 hypothesis that the processing of contextual novelty and wide acoustic deviance becomes 14 increasingly separated within this period. 15 The findings suggest that the N250 displays marked development between 2 and 4 16 months after birth. As shown in Figure 4 prominent by 4 months compared to the response pattern at 2 months: Significantly more 20 negative N250 amplitude was found over the right hemisphere in the 4-as compared to the 2-21 month-olds with no corresponding difference in the preceding P150 peak. The emergence of the 22 segments) but not in response to unique novel sounds is consistent with the hypothesis of 1 increased separation between processing acoustic deviance and contextual novelty (Kushnerenko 2 et al., 2013) . The fact that one should take into account, however, is that the infant brain might 3 distinguish these two sets of sounds by differences in the spectral contents (environmental 4 sounds have typically narrower bandwidth than white noise segments) and/or by difference in 5 temporal structure (environmental sounds typically showed spectral changes over time, whereas 6 the white noise segments did not). Differential processing of environmental sounds and white-7 noise segments (but not the emergence of the N250) has also been observed in neonates (Háden 8 et al., 2013). 9
ISI deviants elicited significant MMR responses in both age groups, but no age-related 10 difference was obtained between the responses to the deviant events in the MMR latency range. 11
The peak latency of the P350 was lower in 4 months compared to 2 months old infants. Although 12 the AERP responses look visually different, with more pronounced peaks in 4-compared to 2-13 month-olds, these differences did not reach statistical significance. This could be due to high 14 between subject variability of AERP responses for this stimulus type. This suggests that the 15 development of processing shortening of the inter-stimulus interval progresses less uniformly 16 during this period than the processing of spectrally rich sounds. 17
The significant latency decrease found for several AERP responses from 2 to 4 month of 18 age is in line with the previous reports (e.g., Cheour et al., 1998; Jing and Benasich, 2006) and it 19 suggests faster processing in 4-than in 2-month-olds. Faster processing is assumed to be due to 20 processes such as increasing myelination in the developing nervous system (see Dehaene
We also found topographical differences between some of the ERPs elicited in the two 1 age groups. Firstly, we found a difference in the scalp topography between 2-and 4-month-olds 2 for the standard tones with a larger ERP response over central electrode sites for 4-compared to in typically developing infants one should add these covariates to the statistical analyses when
Conclusion 1
We found significant differences in AERPs within the short time period between 2 and 4 month 2 after birth. This finding suggests that during this period, substantial maturation and learning 3 takes place in the infant auditory information processing system. Data are consistent with the 4 notion of early developmental improvements of infantile abilities in specifying their responses to 5 novel auditory events, representing the temporal structure of sound sequences, and increasing the 6 speed of sound processing. The emergence of the N250 AERP component was the most 7 prominent AERP difference between the two tested age groups. This AERP development helps 8 in understanding the developmental trajectory of auditory information processing in early 9
infancy. 
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